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57 ABSTRACT 
A method and apparatus for compressing and expand 
ing a fluid by passing said fluid through a rotating con 
tinuous flow centrifuge wherein said fluid is pressur 
ized by centrifugal action on said fluid by said centri 
fuge rotor. Said rotor is provided with passageways for 
said fluid with vanes placed therewithin assuring that 
the fluid will rotate with said rotor. After compression, 
said fluid is passed in compressed state through noz 
zles near the periphery of said rotor with said nozzles 
oriented to discharge said fluid backward thus reduc 
ing the absolute tangential velocity of said fluid. After 
passing said nozzles, said fluid is passed through in 
ward extending passageways to exit near the rotor 
center. Cooling is provided for said fluid during said 
compression, and heating is provided during expan 
sion in said inward extending passages. As an alter 
nate, two rotors may be employed, wherein said fluid 
is passed to a second rotor for said expansion and for 
deceleration. Work is required by said fluid during 
said compression and acceleration, and work is pro 
duced by said fluid during said expansion. 

1 Claim, 5 Drawing Figures 
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GAS COMPRESSOR-EXPANDER 

This application is a continuation-in-part application 
of "Rotary Pressurizer,' filed 9-20-73, Ser. No. 
399, 199, now abandoned and “Compressing Centri 
fuge," filed 10-11-73, Ser. No. 405,584. 
This invention relates to devices for compressing and 

expanding gases from a lower pressure to a higher pres 
sure by employing a continuous flow centrifuge with 
outward extending passages at the compressing section 
and then having inward extending fluid passages for 
expansion and for deceleration of said fluid. 

In my previous U.S. Pat. Nos. 3,761,195 and 
3,793,848, I described similar compressors; the com 
pressor-expander of this invention adds some improve 
ments intended to reduce the work input to the com 
pressor-expander. 
FIG. 1 is a cross section of one form of the compres 

sor, and FIG. 2 is an end view of the unit shown in FIG. 
1. 
FIG. 3 is a cross section of another form of the com 

pressor, and FIG. 4 is an end view of the unit shown in 
FG, 3. 
FIG. 5 is a detail of the rotor nozzles. 
It is an object of this invention to provide a means for 

adding heat to the fluid which is the first fluid, during 
expansion and deceleration within the centrifuge, for 
reduced work input to said compressor-expander. 
Referring to FIG. 1, therein is shown a cross section 

of one form of the compressor-expander. 10 is casing, 
11 is rotor, 12 is heat removal heat exchanger, 13 are 
rotor nozzles oriented to discharge said first fluid back 
ward away from the direction of rotation, 14 is first 
fluid space, 15 are vanes within the first fluid expansion 
passage, 16 is heat addition heat exchanger, 17 and 26 
are rotor seals, 18 and 19 are first fluid exits, 20 and 28 
are shaft bearings, 21 is rotor shaft, 22 and 27 are 
second fluid inlet and outlet, 23 is bearing support, 24 
is casing vent into which a vacuum pump may be con 
nected, 25 is second fluid distribution conduit, 29 and 
3 are first fluid entries, 30 is a vane within outward 
first fluid passage. 

In FIG. 2, an end view of the unit shown in FIG. 1, is 
illustrated. 10 is casing, 15 is a vane, 16 is heat addition 
heat exchanger, 32 indicates direction of rotation, 31 is 
first fluid inlet, 25 is second fluid conduit, 30 is vane, 
12 is heat removal heat exchanger, 13 are rotor noz 
zles, 1 is rotor, and 21 is rotor shaft. 

In FIG. 3, another form of the compressor-expander 
is shown, in cross section. 40 is casing, 41 is first rotor, 
42 are first rotor nozzles, 43 is second rotor, 44 is heat 
addition heat exchanger, 45 is vane, 46 is a bearing and 
seal, 47 and 48 are fluid exits, 64 and 63 are bearings 
and seals, 49 is first rotor shaft, 50 and 51 are third 
fluid entry and exit, 52 is bearing support, 53 is second 
rotor shaft supported by bearing and seat 68, 54 is 
casing vent, into which a vacuum pump may be con 
nected, 68 is a vane, 55 is heat removal heat exchanger 
where second fluid is being circulated in heat exchange 
relationship with said first fluid, 56 is second fluid dis 
tribution conduit, 57 and 61 are first fluid in licts, 58 and 
59 are second fluid inlet and outlet, 62 is rotor seal, and 
66 are vanes. 

in FIG. 4, an end view of the unit shown in FIG. 3 is 
illustrated. 40 is casing, 41 is first rotor, 42 are first 
rotor nozzles, 56 is second fluid conduit, 61 is first fluid 
entry, 67 indicates direction of rotation for both rotors, 
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2 
43 is second rotor, 44 is heat addition heat exchanger 
wherein said third fluid is circulated in heat exchange 
relationship with said first fluid, 45 are vanes, 49 is 
shaft, 66 are vanes, 68 are vanes. 

in FIG.S, a detail of the rotor nozzles is shown. 70 is 
rotor wall into which nozzles 71 are mounted, 72 indi 
cates orientation of rotor shaft about which said rotor 
rotates in direction indicated by 74, and 73 indicates 
first fluid leaving nozzles 71. 

In operation, and referring to FIG. 1, first fluid enters 
via opening 31 and enters rotor 11 via opening 29, and 
is then compressed within rotor outward extending 
passageways with vanes and heat exchanger fins assur 
ing that said first fluid will rotate with said rotor. Dur 
ing said compression, heat is removed from said first 
fluid in heat exchanger 12, wherein a second fluid is 
circulated in heat exchange relationship with said first 
fluid. After said compression, said first fluid is dis 
charged from nozzles 13 backward in a direction that is 
away from the direction of rotation thus reducing the 
absolute tangential velocity of said first fluid. Said first 
fluid is then decelerated and expanded in inward ex 
tending first fluid passageways with vanes and heat 
exchanger fins assuring that said first fluid will rotate 
with said rotor for recovery of work associated with 
said deceleration of said first fluid. After said decelera 
tion, first fluid is discharged via opening 19, and open 
ing 18. 
The operation of the unit shown in FIG. 3 is similar to 

that described for the unit of FIG. 1. After discharge 
from the nozzles 42, the first fluid is passed to a second 
rotor inward extending passageways for deceleration 
and expansion and for recovery of work associated with 
said fluid deceleration. After said deceleration, said 
first fluid is passed to exit opening 47. Heat is added to 
said first fluid in heat exchanger 44 wherein a third 
fluid is being circulated in heat exchange relationship 
with said first fluid. 

In the unit of FIG. 1, heat is added to said first fluid 
in heat exchanger 16, where said second fluid may be 
circulated in heat exchange relationship with said first 
fluid; usually, said second fluid is first passed through 
said heat removal heat exchanger 12, and then passed 
to said heat addition heat exchanger 16. 

In the unit of FIG. 3, said second fluid may be passed 
to heat exchanger 44 and used as said third fluid. Also, 
in the unit of FIG. 1, a third fluid may be employed in 
heat exchanger 16, as desired. 
The work input to the compressor of this invention is 

the difference between the work used to accelerate said 
first fluid to the rotor tangential velocity, and the work 
recovered from said first fluid during said expansion 
and deceleration. Heat removal during compression 
and acceleration reduces the first fluid density and thus 
results in a higher first fluid pressure at rotor periphery 
for a predetermined rotor rotational speed. Heat addi 
tion during expansion and deceleration will result in a 
reduced first fluid density, and thus a lesser pressure 
loss in said deceleration, for a predetermined rotor 
tangential speed. Normally, said compression of said 
first fluid is nearly isothermal, depending of second 
fluid entry temperature, and similarly, the expansion of 
said first fluid may be isothermal, depending of the 
temperature of the heat addition fluid in heat exchang 
ers 44 and 16. Thus, very low work input to said com 
pressor results. 
Said second fluid and said third fluid are passed to 

said heat exchangers through passageways within said 
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rotor shafts, and thus the work requirement for said 
fluids is nearly nil. 
The first fluid is normally gas, being compressed to a 

higher pressure, such as air. Said second fluid and said 
third fluid are usually liquids, such as water, but gases 
also can be used if desired. 
Various gauges and governors may be used with the 

compressor of this invention. They do not form a part 
of this invention and are not further described herein. 
The rotating components of the compressor are nor 

mally made of high strength materials, usually metals. 
The heat exchangers are shown to be made of finned 
tubing, but other materials may be used, or the heat 
exchangers built to rotor walls, Vanes are provided to 
assure that the first fluid will rotate with the rotor, and 
the heat exchanger fins also serve as said vanes. 
The unit shown in FIG. 1 has a single rotor, with the 

first fluid being discharged from nozzles 13 backward, 
and then the vane 15 tips are intented to have approxi 
mately the same tangential velocity as the first fluid 
entering the spaces between said vanes 15. Many fluids, 
especially gases with high viscosity, may be accelerated 
by the rotor 11 in space 14, thus making it difficult to 
obtain the desired tangential velocity reduction for said 
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4 
speed, thus assuring that the first fluid tangential vcloc 
ity after leaving nozzles 42 is maintained at a value 
required for best performance. 

I claim: 
1. In a compressor-expander having two rotating 

rotors with a fluid to be compressed being the first 
fluid, with a first rotor having an entry for said first fluid 
near the center of rotation with said first fluid then 
being accelerated and compressed in outward extend 
ing first rotor passages and said first fluid then being 
passed into a second rotor for deceleration and expan 
sion, and to exit near the center of rotation of said 
second rotor, with heat being removed from said first 
fluid in a heat removal heat exchanger within said first 
rotor outward passages by circulating a second fluid in 
heat exchange relationship with said first fluid, the 
improvement comprising: 

a. a heat addition heat exchanger within said inward 
extending second rotor first fluid passages for add 
ing heat to said first fluid during said expansion and 
deceleration, by circulating a third fluid in heat 
exchange relationship with said first fluid, with a 
third fluid being supplied and discharged via pas 
sages carried by said second rotor. 
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